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ABSTRACT

The Mark 101 explosive flux compression generator is a line-
initiated, vacuum/magr,etically insulated, helical generator. This device
offered some unique challenges in trunsformlng the theoretical design
into a testable experiment. The two main reasons for this are that in
theory an eight-turn, four-wire Mark 101 possesses a terminal dL/dt of
+.5 fi and operates with electric fields which are greater than the
threshold for electron field emission. With this in ❑ind, we designed an
integral vacuum-jacket-generator configuration with a passive load induc-
tance of <0.5 M. The generator contained -8 I,IHof initial inductance.
The field emission required the s:ator to be entirely sealed within the
vacuum jnckec. The open, helical stator resulted in the presence of
non-trivial leakage fields and voltages. To accommodate these fields,
the vacuum chamber for the generator was segmented and axinlly tneulated
with rings of acryll.c, similar to stacked-ring dlodcs. We made no at-
tempt to brenk the azimuthal lmctal surfaces due to the physical difficul-
ty this would incur. Diagnostic included an input current Rogowski
loop, a load Rogowski loop, two dB/dt probes in the load, a Faraday
fiber-optic current scneor,and two dH/dt probes in the region between the
stator winding and the vucuum jacket t~ rcasure the leakage azimuthal and
nxial magnetic fields. The rcnultn of explosive tents nru pre~enterl.

INTRODUCrLON



●ion. Th first thraahold dmando that the ●tirg pa uot b ●vacuated
to ● reaoonabl~ hard vacuum. Ihe presence of ●lectron ●mission requires
megnetic insulation since a hydropious insulation would lead to gas gen-
eration and electron avalanche within the operational the scales of in-

terest, >1 us. With an effective source impedance of <.5 Q, this la
easily achieved for the amature/stator region, but for turn-to-turn
ineiulation within the stator, magnetic insulation la much more difficult
to achieve. Our approach to these challenges was to design an integral
vacuum-jacket/generator configuration with a passive inductive load for
the initial developmental effort of this FCGdesign, Fig. 1.

OUTPUTTRANSITION

1

{

ARMATURE–

HE–

VACWM/NSUIATiON

“, ~\ =INPUTGLIOEPLAFIE

Y
r

CAPACITORCABLE -
‘FED \ CROWBARDETONATOR

MARK 101 GENERATOR

Figure 1,



Along vlth tha normal deoign quaatloma o- faces for new F= de-
Signa, the Hark 101 offered four rather unique challenge.. The first of
these involved the input of the initial current into the FCC and the pro-
vision for a reliabl ‘ crowbar. Since che entire operating volume mst be
evacuated, the more conventional approach of using sheet insulation and
direct armture motion to the input glide plane to sever the insulation
and provide crowbar, did not appear to be the optiml procedure. Rather,
an input feed was designed with a vacuum insulator ant a detonator-driven
crowbar. In this manner, a vacuum interface could be obtained using
structural mterials while avoiding putting an insulation mass ahead of
the amature. This sss would impede the outward ●xpaasion velocity ac
the input end of the FCCand could lead to trapping additional flux late
in the generator run. While the input crowbar could be provided by sim-
ply allowing the armature to contact the glide plane, about 10 us after
first motion, a more positive crowbar was provided by detonator-driven
puncture of the input dielectric just before first amature movement.

In all FCG’S, one must inbure that the output end of the generator
is closed last by the armature motion. In earlier helical FCC’s this
consideration was simply determined by initiating the ●xplosive on the
input end of the device. However, with the si~ltaneous initiation of
the Mark 101, explicit design was required to ensure the proper cloeure.
A precisely tapered stator would be very difficult to make. Since we
have two-dimensional modeling capability, a taper was designed and
machined into the armture. This provides a hydrodynamically formed
taper for the appropriate clomure geometry with respe t co the
intersection of the armature and stntor, similar to the CN-11. 3

Since the voltages are such that the presence of physical insulation
could be counterproductive to maintaining magnetic insulation, a rela-
tively hard vacuum was required throughout the operating volume of the
FCG. Thus, a vacuum wall had to be placed outeide of the stacor winding.
If this wall were conducting, the input current would pre~e;entially flow
through this wall, repreuentin8 a lower inductance, rather than the
atator windin8. Also, with a -50% open stator deoi8n, the leakage fields
outside of the stator would not be trivial and could ●gain drive currents
in the vacuum wall. These considerations lead to an axially ~egmented
vacuum chamber using acrylic rings to provide the ●l~ctrical insulation,
similar to a stacked-ring diode insulator geometry. NO attempt was ~de
to insulate against azimuthal currents because of the physical difficulty
and expense this approach would entuil,

The issue of stator support, stability, and poeitio,ling is only
partially eolved at this time. Since magnetic inmllation is also
required for turn-to-turn insulation, any approach to supporting and po-
sitioning the interleaved, helical coils muet not intrude into the lnter-
turn epaces. At relatively low energy and voltage levels, an induc-
tive/insulative support scheme has been used in which the stator is
positioned and held in place with !’our acrylic supports which act as an
exoskeleton for this atrurture. Uowever, high energy operation will re-
quire the removal of all mrchnnlcal support ntructurcs, At this writing,
we do not have an ndequate solution for this part of the problem.

CAPACITORBANKEXPERIMENTS

The capacitive discharge experiment were deaignad to test the input
dielectric insulation package, the vacuum/dielectric interface, the in-
tegrity of the ntator coil durins the initial field loading, and the po@-



sibllity Of ● ~ drlwgu broakdwn in tbe ?~ outpt ● Ihaoa teati mm
●ccoq)llabed by dlocharti~ 8 600 W ~~eitor back into tbe ●ooembly.
Detonator evitcheo ●re ueed to connect the Iw-inductmce capacitor bamk
to the generator. Since the ●ctuation time of these switches is -1 as,
voltage doubling at the FCC input waa expected because of the impedance
mismatch at the cable/generator connection. Thus, ● relatively inexpen-
sive vay to test both the dielectric insulation ●nd the vacuumlinaulator
interface was to replace the ameture with a solid aluminm cylimder ●nd
physically discharge the initial-current source into the generator.
Sinu!taneously, such a discharge allows the integrity of the stacor coil
CO be tested over the time scales of interest. This procedure lead to
changing the attachments of the wire ends of the stacor coil free soft
solder to a silver-containing solder and pinned attachments scheme.
Finally, within the original output of the Mark 101 the ugnetic field
was rntated from a predominately dz Mgnetic field to a pure Be field
within a lengttt scale of <1 cm. In some early experiments, we notad
❑arkings on the “ground” side of the FCCoutput that indicated that field
emission may have occurred. By reshaping this part to have a strong he-
lical component remaining in the current beyond the highest field region,
the apparent emission was stopped. We speculate that the rapid field
rotation in the output resulted in very large values of #, which caused
field emission of electrons at this critical point in the assembly.

EXPLOSIVE EXPERLKENTS

To date, the Xark 101 generator has been tested two ti~s with an
explosively-driven armature. The first of these preceeded our capacitive
discharge experiments, so it differed significantly from the second ex-
plosive shot. This firet experiment vas initially loaded with 207 kA of
current. Current multiplication began with the predicted first armature
motion time and continued for -7 us of the expected 20 Ma of generator
run, Fi,g. 2. After this time, the ~ fell to nearly zero, and the
resulting maximum current vas 241 M. The gain for thio ehot ves 1.16:1.

The eecond explosive test wae perfonzad very recently. ‘lhIs genera-
tor aesembly ●mployed all of the geometry changes incorporated since the
first active generator shot. At least a partial list of modifications
includes changea in the vacuum insulator, changing the glide plane angle
from 5° to 9° for both the input and output ends of the FCC, ● helical
current carrying geometry at the generator output, and a modified rotator
wire attachment. Also, in an attempt to obtain a complete generator run
of -20 IJS duration, the initial current was reduced to 132 M. However,
this teat resulted in an ●ffective generator duration of -8 INS and a
final current of 159 M, Fig, 3. The gain in this caee was 1.20:1.

Given the rather ●xtensive differences between the two generators
that have been tested, the surprising result 1s the extremely close
similarity between these two ●xperlmenta, Fig. 4. With ●n additional
1 US of effective run, the moat recent teat also demonstrated a corre-
sponding increase in current of -4% over the first Mark 101 fired. The
d{sturblng note ie that their respective f performances are also very
similar in nature. Obviously, future tests are planr,ed.

CONCLUSIONS

Based on a theoretical design, presented at this conference, a new
line-initiated mpiral aenerator, the Mark 101, has been fabricated ●nd
subjected to initial test~. The physical design employs a detunator-
driven crowbar, ● hy(lrodynamically fonaed taper in the a-ture, a ma8-



naidlr-imlatd ●tator to ●ttapt to ●chia- ● w** mtsim of
this ?CC. To data, tuo ●rploaiw ●~rimento bawa been fired. l’hro ●m
●ignificmt diffarmcm in ka~ ●lemente k-en th ~ physical

●soembliec tested. The moat striking feature of these two ?CG ●hoco Ie

their #imilarity, in epite of the differing experimental parameters. We
have a puzzle to solve.
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